The f.c.c. + tetragonal two-phase region of the Cu-Ni-Zn system has been delineated, and unit-cell parameters along the boundaries determined. Apparently anomalous parameter measurements prevented the determination of the tie lines. A pattern of diffraction broadening from the tetragonal phase common to both the two-phase and single-phase regions was related to the variation in lattice spacing of the tetragonal phase along the boundary. Reasons for this broadening are discussed.
Introduction
Data on the Cu-Ni-Zn system were published by Schramm & Vaupel (1936) and showed between 30 and 50% Zn two two-phase regions, f.c.c. + b.c.c, and f.c.c. + tetragonal, separated by a three-phase triangle. Mayall & Mathew (1979) published new data on the f.c.c. + b.c.c, region and the three-phase triangle. Tie lines in the two-phase region were also determined.
The present work concerns the f.c.c.+tetragonal region, and includes an attempt to determine the tie lines there. In addition, diffraction broadening was observed from the tetragonal phase, and this has been investigated.
Experimental procedures
The preparation of alloy specimens, the analysis of alloy compositions, and the determination of lattice parameters have been described in detail (Mayall & Mathew, 1979) , and therefore will be given only very briefly here. Alloys were prepared by sintering mixtures of Cu, Ni and Zn powders in sealed tubes at temperatures rising by stages, and maintained a little below the melting point for nine days. The alloys were then annealed at 873 _+ 5 K for two days, and quenched. Powders from the specimens were annealed in sealed tubes at 873 _+ 5 K for two days, and quenched. Compositions of some of the alloys were determined by atomic absorption spectroscopy. The remaining compositions were determined by X-ray fluorescence using the known compositions as stan-dards. Lattice parameters were determined from Debye-Scherrer powder photographs taken with Cu K~ radiation (Ni filtered) in a 360 mm circumference camera. The Nelson-Riley (1945) extrapolation was used. For the tetragonal phase this was combined with the method of successive approximations.
Integral breadths of reflections from one singlephase tetragonal specimen were determined using a diffractometer with Cu K~ radiation, and graphical output. The specimen was in the form of powder randomly oriented on an adhesive-tape base. Corrections for a-doublet separation and instrumental broadening were made by Jones's (1938) method. Data for lines without diffraction broadening were obtained from a single-phase f.c.c. Cu-Ni-Zn alloy. Data from three traces were averaged for the broad lines, and from two traces for the sharp lines.
Accuracy of compositions and lattice parameters
The composition accuracy is approximately _+0"5%. Of this approximately _+0-2% is random error, the rest being systematic error due to uncertainty in the calibration factor to be applied to the X-ray fluorescence analysis readings.
The parameter accuracy is reduced by overlapping of lines and line broadening, particularly for the tetragonal phase where 004, at a high angle, is too broad for measurement. The accuracy for the f.c.c. (~.) phase is generally approximately 0.001 A, and for the tetragonal (fl') phase approximately 0.002 A.
Accuracy of diffraction breadth measurement
The rough estimates of the accuracy of the diffraction breadth measurements, shown in Table 2 , are the differences between the averages of the results from the three diffractometer traces and the extreme values. Jones's (1938) method for correcting for a-doublet separation and instrumental broadening may not have been entirely appropriate, and systematic errors due to this and other causes have not been estimated. On the diffractometer trace 004 almost disappeared into the background, making accurate measurement difficult.
Establishment of phase boundaries and tie lines
Alloys showing small traces of the a and fl' phases were used to delineate the fl' and a phase boundaries respectively.
The boundary with the three-phase triangle was taken from published results (Mayall & Mathew, 1979) . The results are shown in Table 1 and The range along the boundary is chosen to include the nickel content of the fl' alloy used for broadening measurements. Fig. 1 . With the lattice parameters for alloys near the boundaries, curves relating lattice parameter with nickel content along the boundaries were drawn (Figs.  2,3) .
In an attempt to draw the tie lines, parameters of two-phase alloys with large amounts of both ~ and fl' phases were measured (Table 1) . These parameters were then compared with the curves in Figs. 2 and 3 to find the corresponding compositions on the boundaries. It was found, however, that some of the fl' parameters for alloys with large amounts of both phases were outside the range of the parameters along the boundary. Also, in some cases the fl'a and fl'c values for a given alloy corresponded to different boundary compositions. Therefore tie lines could not be determined.
Diffraction broadening from the fl' phase
Debye-Scherrer photographs of both two-phase and single-phase alloys showed a consistent pattern of broadening from the fl' phase. As seen by eye 004 was so broad that it almost disappeared into the background. 301, 310 and 213 appeared broadened to a smaller degree, whereas 222 was much sharper. These degrees of broadening seemed to correlate with the variation of interplane spacing of these same planes along the (~ +fl')-fl' boundary. To test the degree of correlation quantitatively the interplane spacings were calculated from the parameters along the boundary. The results are shown graphically in Fig. 4 . The diffraction broadening f12o for a single-phase fl' alloy of composition Cu 8"9% Ni 40.1% Zn 51-0% was determined for 301,310, 222, 004 and 213. The results are shown in Table 2 .
Diffraction broadening due to variation in plane spacing (e.g. strain) is proportional to tan 0, when it is due to small particle size it is proportional to sec 0. A graph was plotted of fl2o/tan 0 against the percentage variation in the corresponding plane spacing along the boundary between the limits Ni 37.8 to 46.8% (Fig. 5 ).
The graph of fl2o/sec 0 does not differ greatly from the fl2o/tan 0 graph in the given range and is not reproduced here. Both graphs show a linear relationship within the limits of experimental error.
Discussion
The reason for the line broadening has not been determined unambiguously. The broadening may be treated as due to variation in plane spacing (e.g. strain)
and thus proportional to tan 0, or as due to small THE EC.C.+TETRAGONAL REGION OF THE Cu-Ni-Zn SYSTEM particle size and thus proportional to sec 0. Both treatments yield the result that the broadening for different planes corresponds to the variation in spacing of those planes along the (f.c.c. + tetragonal)-tetragonal boundary. The parameters a and c vary along the boundary much more than the (111) spacing. Correspondingly the 222 reflection from the tetragonal phase is relatively sharp.
